Introduction
============

Heart failure is a debilitating poor-prognosis disease characterized by progressive left ventricular (LV) dilation and loss of contractile function.^[@B1]^ LV dyssynchrony and wall motion abnormalities are 2 frequent features in patients with heart failure, which may exacerbate cardiac dysfunction in these patients.^[@B2]-[@B4]^ 

Cardiac resynchronization therapy (CRT) is a rapidly evolving and promising treatment option in drug-refractory heart failure patients with a depressed LV systolic function.[@B5]^,^[@B6] A quantitative evaluation of LV dyssynchrony is reliably conducted using tissue Doppler imaging (TDI) in CRT candidates^[@B7]-[@B10]^ and helps investigators achieve a more desirable response through optimal lead placement in the latest activated sites.^[@B11]-[@B13]^ There are reports indicating that infracted regions have slower conduction velocity than corresponding areas in normal subjects^[@B14],[@B15]^ and lead placement in the latest activation areas leads to optimal results.^[@B12],[@B13]^ On the other hand, leads positioned in a scar tissue lead to a poor outcome in patients with heart failure.^[@B16],[@B17]^ The question is, therefore, whether these sites of latest activation are matched with infracted regions. Segmental akinesia is a sensitive indicator of transmural infarction,^[@B18]^ and wall motion evaluation is regularly conducted via conventional echocardiography prior to CRT in patients with heart failure. Thus, in the current study, we sought to investigate whether there is any concordance between akinetic LV segment/s and latest activated site/s in patients with advanced heart failure secondary to ischemia.

Methods
=======

From January 2006 to December 2009, a retrospective review was conducted of the data on 106 patients with advanced heart failure secondary to ischemia who were referred to one of the echocardiography clinics in Tehran Heart Center, Tehran, Iran, for echocardiographic evaluation. All the patients had severe heart failure (New York Heart Association \[NYHA\] functional class ≥ III) and left ventricular ejection fraction (LVEF) ≤ 35%, which was refractory to optimized drug therapy. Patients with a history of recent (\< 3 mon) unstable angina or myocardial infarction, valvular heart disease, or previous pacemaker implantation were excluded from the study. Ischemia was diagnosed as the cause of heart failure if the patients had a history of myocardial infarction or revascularization or angiographic evidence of stenosis \> 75% of the left main or the proximal left anterior descending artery, or stenosis \> 75% of 2 or more epicardial vessels.^[@B19]^ All the patients underwent complete resting transthoracic echocardiography and TDI for the evaluation of regional wall motion and the extent of LV dyssynchrony as well as determination of the site of the latest mechanical activation.

A combination of transthoracic 2-dimensional echocardiography, M-mode, pulsed, and continuous-wave Doppler with color-flow imaging was performed using a commercially available ultrasonographic system (VIVID 7, Vingmed GE, Horten, Norway with a 3.5-MHz transducer). All the following parameters were measured according to the guidelines of the American Society of Echocardiography[@B20]: right and left ventricular dimensions (VD), left ventricular end-systolic volume (LVESV), left ventricular end-diastolic volume (LVEDV), pulmonary artery pressure, and tricuspid annular plane systolic excursion (TAPSE). Additionally, LVEF was evaluated using the eyeball method and the Simpson method via a multiplane modality of a 4-dimensional probe. From a currently used grading system, the severity of mitral regurgitation was scored 1 as mild, 2 as moderate, 3 as moderate to severe, and 4 as severe^[@B21]^ and tricuspid regurgitation was graded 1 as mild, 2 as moderate, and 3 as severe.^[@B22]^

The opening and closing times of the aortic and pulmonic valves were also measured using the systolic blood flow by pulsed Doppler, with the sample volume placed at the level of the aortic and pulmonic annulus. Aortic pre-ejection time was measured from the beginning of the QRS complex to the beginning of the aortic flow velocity curve recorded by pulsed-wave Doppler in the apical view. Likewise, pulmonary pre-ejection time was measured from the beginning of the QRS complex to the beginning of the pulmonary flow velocity curve recorded in the left parasternal short-axis view. The difference between the 2 values determined interventricular mechanical delay (IVMD). A cut-off value = 40 ms was considered for interventricular dyssynchrony.^[@B23]^

2D echocardiography is a safe and simple noninvasive technique to quantify LV regional wall motion. For a semiquantitative analysis of regional wall motion, a 12-segment model was employed that included the septal, anteroseptal, anterior, lateral, inferior, and posterior segments at the basal and mid-levels of the LV, respectively. All these segments were ranked based on the degree of both wall thickening and endocardial motion abnormalities as follows: normal (normal myocardial inward motion and wall thickening), hypokinetic (marked reduction in endocardial motion and wall thickening), akinetic (virtual absence of inward motion and wall thickening), and aneurismal (paradoxical wall motion away from the center of the LV in systole).^[@B24],[@B25]^

Systolic synchronicity was assessed via TDI using the apical views (4-chamber, 2-chamber, and long-axis views) of the LV as previously described.^[@B26]^ With adjustments of the filter frequency, gain settings, pulse repetition frequency, and color saturation, at least 3 consecutive beats were stored and the images were digitally stored for off-line analysis. Twelve segments (6 basal and 6 mid), similar to those evaluated by 2-dimensional echocardiography, were analyzed. The timing of the systolic events was evaluated by measuring the time to peak systolic myocardial velocity (Ts) in each LV segment utilizing the onset of the QRS complex as the reference point ([Figure 1](#F1){ref-type="fig"}). The latest LV segment/s was defined as the segment/s with the longest Ts duration among the 12 LV segments. The following 4 parameters of systolic asynchrony were computed. The predictive cut-off values for a positive response to CRT are shown in parentheses according to previously reported data. *All segments delay (Ts-all-delay*): Differences between the longest and shortest Ts in 12 LV segments (105 ms).^[@B27]^ *Basal segments delay (Ts-bas-delay)*: Differences between the longest and shortest Ts in 6 LV basal segments (78 ms).^[@B27]^*All segments standard deviation (Ts-all-SD)*: SD of Ts of all the 12 LV segments (34.4 ms).[@B27] *Basal segments standard deviation (Ts-bas-SD)*: SD of Ts of 6 LV basal segments (34.5 ms).^[@B27]^

According to our previous study, inter- and intraobserver variability for time to peak systolic velocity was 13 ± 11% and 18 ± 20% at our institution, respectively.^[@B26]^

![Measurement of time to peak systolic velocity of A) the inferior basal and mid-portion segments and B the) anterior basal and mid-portion segments.](JTHC-11-115-g001){#F1}

The data are presented as means ± SDs for the numerical variables. The categorical variables are expressed in terms of absolute frequencies and percentages. The agreement between the regions with longest Ts and the presence of akinesia was computed using the phi (Φ) coefficient in various LV segments. To investigate the effect of the QRS duration on the concordance between the akinetic LV segment/s and the latest activated site/s, we performed additional analysis comparing the patients with QRS duration ≤ 120 ms and QRS duration \> 120 ms. Probability values ≤ 0.05 were considered statistically significant. For the statistical analyses, the statistical software SPSS, version 13.0, for Windows (SPSS Inc., Chicago, IL) was used.

Results
=======

The patients' demographic data, clinical characteristics, pharmacological medication, and detailed conventional echocardiographic findings are summarized in [Table 1](#T1){ref-type="table"} while TDI measurements in all the patients and also in the QRS groups (\> 120 ms and ≤ 120 ms) are summarized in [Table 2](#T2){ref-type="table"}. A total of 1 272 segments were technically adequate for the evaluation of regional activation delay. Regional Ts were significantly associated with the QRS duration and was significantly more delayed or tended to be more delayed in the patients with a wide QRS duration than in those with a narrow QRS duration in all the LV segments. Similarly, the frequency of interventricular dyssynchrony was significantly higher in the patients with a wide QRS duration than in those with a narrow QRS duration: 30 (38.0%) in the wide QRS group vs. 3 (11.0%) in the narrow QRS group. In regard to intraventricular dyssynchrony indices, the frequency of the intraventricular dyssynchrony markers varied from a minimum of 49.1% (53 cases), as defined by the Ts-all-delay dyssynchrony index, to a maximum of 53.8% (58 cases), as defined by the Ts-bas-delay dyssynchrony index, in all the patients. Intraventricular dyssynchrony measured by all the dyssynchrony indices tended to be more prevalent in the patients with a wide QRS duration; however, no significant difference was found between the QRS groups.

###### 

Baseline characteristics and conventional echocardiographic measurements of the study population (N=106)[\*](#TFN1){ref-type="table-fn"}

  -------------------------------------------------- ------------
  Age (y)                                            60.5±12.1
  Male gender                                        94 (88.7)
  QRS duration (ms)                                  149.1±36.6
  Left bundle branch block                           31 (29.2)
  Right bundle branch block                          6 (5.7)
  Diabetes mellitus                                  22 (20.8)
  Atrial fibrillation                                2 (1.9)
  Pharmacological medication                         
        Loop diuretics                               50 (47.2)
        Spironolactone                               79 (65.1)
        ACEIs/ARBs                                   86 (81.1)
        β-blockers                                   79 (74.5)
        Calcium-blockers                             24 (22.6)
        Digoxin                                      33 (31.1)
  Conventional Echocardiography                      
        Mitral regurgitation grade                   1.7±0.8
        Tricuspid regurgitation grade                1.3±0.8
        Left ventricular ejection fraction (%)       22.3±6.7
        Pulmonary artery pressure (mm Hg)            42.5±17.4
        Systolic left ventricular dimension (mm)     57.1±15.2
        Diastolic left ventricular dimension (mm)    65.2±8.8
        Left ventricular end-diastolic volume (mL)   180.2±61.2
        Left ventricular end-systolic volume (mL)    139.9±58.7
  -------------------------------------------------- ------------

ACEIs, Angiotensin-converting enzyme inhibitors; ARBs, Angiotensin-receptor blockers

Data are presented as means±SD or n (%).

Wall motion evaluation was technically feasible in 1 263 segments, from which 875 (69.3%) segments scored as normal or hypokinetic, 369 (29.2%) as akinetic, and 19 (1.5%) as aneurismal.

The frequencies for the latest activated and akinetic sites within the different LV segments are depicted in [Figure 2](#F2){ref-type="fig"}. The latest activation sites (with longest Ts) were most frequently located in the mid and basal anterior (32 \[30.2%\] and 29 \[27.4%\], respectively), whereas the most common sites of akinesia were the mid-anteroseptal segments in 65 (61.3%) and mid-septal segments in 51 (48.1%) cases. [Table 3](#T3){ref-type="table"} shows the agreement levels between the regions with longest Ts and the presence of akinesia in the patients as a whole and also in each QRS group. Overall, there was no significant concordance between the presence of latest activation and akinesia either in all the patients (Φ = -0.050; p value = 0.075) or in the QRS groups (QRS duration ≤ 120 ms \[Φ = -0.009; p value = 0.875\] and QRS duration \> 120 ms \[Φ = -0.071; p value = 0.085\]). Detailed analysis within the segments indicated a significant, but weak, agreement between akinesia and delayed activation in the basal-lateral segments (Φ = 0.229; p value = 0.018). This agreement was good in the subgroup of patients with QRS duration ≤ 120 ms (Φ = 0.707; p value \< 0.001).
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###### 

Tissue Doppler imaging findings in the whole study population and comparisons between the QRS groups^\*^

  ----------------------------------------------------------------------------------------------------------------------------------------
                                                                                  Total\       QRS Duration (ms)   P value      
                                                                                  (N=106)                                       
  ------------------------------------------------------------------------------- ------------ ------------------- ------------ ----------
  Ts of the Basal Segments (ms)                                                                                                 

        Base-septal                                                               169.4±56.3   149.1±34.2          178.9±58.2   0.014

        Base-lateral                                                              176.6±60.6   146.5±52.7          187.0±60.0   0.002

        Base-anterior                                                             161.6±50.8   146.3±51.5          166.8±61.9   0.124

        Base-anteroseptal                                                         161.0±52.4   153.1±42.2          165.7±52.5   0.269

        Base-inferior                                                             185.2±59.2   169.6±66.8          191.8±53.0   0.083

        Base-posterior                                                            191.4±66.6   169.3±65.4          202.7±59.2   0.016

  Ts of the Middle Segments (ms)                                                                                                

        Mid-septal                                                                172.6±52.5   150.0±33.4          180.4±55.7   0.001

        Mid-lateral                                                               168.3±54.9   146.5±52.1          175.8±54.1   0.016

        Mid-anterior                                                              159.3±57.8   133.5±52.8          168.1±57.0   0.007

        Mid-anteroseptal                                                          165.9±50.7   153.3±43.5          170.2±52.5   0.135

        Mid-inferior                                                              190.3±60.3   170.4±68.2          197.2±56.1   0.022

        Mid-posterior                                                             188.5±64.5   163.9±68.7          197.0±61.2   0.010

  Interventricular Dyssynchrony Index                                                                                           

        Interventricular mechanical delay (ms)                                    33.4±24.6    19.0±13.4           38.3±25.7    \< 0.001

        Interventricular dyssynchrony\                                            33 (31.1)    3 (11.1)            30 (38.0)    0.009
        (cut-off = 40)                                                                                                          

  Intraventricular Dyssynchrony Indices                                                                                         

        All segments delay (ms)                                                   107.3±50.4   100.2±59.6          109.7±47.0   0.397

        Dyssynchrony using all segments delay (cutoff = 105 ms)                   52 (49.1)    10 (37.0)           42 (53.2)    0.148

        All segments standard deviation (ms)                                      38.5±19.7    36.7±26.7           39.2±16.8    0.565

        Dyssynchrony using all segments standard deviation (cutoff = 34.4 ms)     55 (51.9)    12 (44.4)           43 (54.4)    0.370

        Basal segments delay (ms)                                                 92.6±47.4    86.8±54.7           95.7±49.0    0.434

        Dyssynchrony using basal segments delay (cutoff = 78 ms)                  56 (53.8)    13 (48.1)           43 (55.8)    0.510

        Basal segments standard deviation (ms)                                    39.7±22.8    36.7±29.1           40.8±20.3    0.423

        Dyssynchrony using basal segments standard deviation (cutoff = 34.5 ms)   54 (50.9)    11 (40.7)           43 (54.4)    0.219
  ----------------------------------------------------------------------------------------------------------------------------------------

Continuous data are presented as means±SD or n(%).

Ts, Time to peak systolic velocity; ms, Milliseconds

###### 

Evaluation of agreement between akinesia and latest activation site in various left ventricular (LV) segments.

  LV segments            Φ coefficient                                                                     
  ---------------------- --------------------------------------- ----------------------------------------- --------
  Basal                                                                                                    
          Septal         0.149                                   -0.235                                    -0.123
          Lateral        0.229[\*](#TFN2){ref-type="table-fn"}   0.707[\*\*](#TFN3){ref-type="table-fn"}   0.009
          Anterior       -0.015                                  0.135                                     -0.059
          Inferior       -0.120                                  -0.120                                    -0.145
          Anteroseptal   0.072                                   0.043                                     -0.110
          Posterior      -0.116                                  0.329                                     0.033
  Middle                                                                                                   
          Septal         -0.072                                  0.027                                     -1.000
          Lateral        -0.070                                  0.184                                     -0.140
          Anterior       0.005                                   -0.042                                    0.023
          Inferior       -0.079                                  -0.255                                    0.002
          Anteroseptal   -0.023                                  -0.227                                    0.042
          Posterior      -0.082                                  -0.043                                    -0.126
  Total                  -0.050                                  -0.009                                    -0.071

P value = 0.018

P value \< 0.001

Discussion
==========

The results of the present study demonstrated that the latest LV activation segments were most frequently the mid and basal anterior segments, while the akinetic sites were predominantly located in the mid-septal and mid-anteroseptal segments. Overall, the akinetic segments were not matched with the most delayed activation regions.

Previous studies have reported a favorable response following lead positioning in the most delayed LV activated site/s.^[@B12],[@B13]^ Based on our results, there was no concordance between the akinetic segments and the regions with latest mechanical activation. Thus, these akinetic areas may not appear to be ideal site/s for pacing. In this regard, Arzola-Castaner et al.^[@B28]^ also reported no significant impact on the CRT outcome following lead positioned in proximity to akinetic segments. It should be noted that akinetic segments cannot be regarded exactly as infracted regions. Akinesia is a sensitive, but not specific, indicator of transmural infarction. While 100% of the pathologically transmural infracted segments are akinetic or dyskinetic, 8% of the akinetic or dyskinetic regions are histologically normal and 29% are subendocardially infracted zones.^[@B18]^ Therefore, it is not correct to generalize our result to the infracted segments. Future studies using contrast-enhanced magnetic resonance imaging or myocardial contrast echocardiography^[@B16],[@B29]^ would help investigators to better evaluate the extent of transmural scar, myocardial viability, and association between mechanical activation timing and infracted segments.

The variable forms of LV activation and the heterogeneous pattern of systolic asynchrony in patients with severe heart failure, particularly in those with ischemic cardiomyopathy,^[@B30],[@B31]^ may explain a possible mismatch between the akinetic segments and the latest activated sites in patients with heart failure. Currently, there are several noninvasive imaging techniques such as 3-dimensional noncontact LV endocardial mapping and circumferential and longitudinal strain imaging which could help investigators to have better estimation on LV dyssynchrony patterns in the presence of akinesia by providing the exact characterization of the LV activation sequence.^[@B31],[@B32]^ 

Given the significant relationship between the QRS duration and regional Ts, we re-analyzed the data according to the QRS groups. The basal-lateral segments in the patients with a narrow QRS duration constituted the only site in which akinesia and latest activation showed a good agreement. Future studies applying more precise methods are needed to explain or even confirm the finding.

This study suffers from some limitations. 2D echocardiography appears to tend to overestimate the extent of dyssynergic areas^[@B18],[@B33]^ because of its low ability to discriminate between the infracted and adjacent zones via an evaluation of wall motion abnormalities. Therefore, it is likely that the determined akinetic areas are not exclusively confined to the infracted zones. Furthermore, lack of any data on CRT long-term results hindered us from further analysis on association between the sites of lead placement and the CRT outcome. In addition, limitations of TDI such as measuring only the vector of motion that is parallel to the direction of the ultrasound beam and measuring absolute tissue velocity which makes it unable to discriminate passive motion (related tethering) from active motion (fiber shortening or lengthening) may affect the results.

Conclusion
==========

The akinetic segments on 2D echocardiogram were not matched with the area of maximal delay to peak velocity on TDI in our patients with the ischemic type of heart failure. Further studies are needed to elucidate the association between LV infracted regions and the latest activated sites in patients with the ischemic type of cardiomyopathy.
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